We present here a convenient synthesis to the landmark DSC dye [Bu 4 N] 2 [Ru(4-carboxy-4-carboxylate-2,2′-bipyridine) 2 (NCS) 2 ] (N719). Key to this synthetic procedure is the protection of the carboxyl functionalities with iso-butyl ester groups. This strategy allows the use of silica chromatography to remove the less efficient S-bound isomers and significantly reduces the time and difficulty of the synthesis.
Dye sensitised solar cells (DSCs) based on nanocrystalline titania sensitised by lightabsorbing dyes have been the subject of increasing attention over the past two decades. [1] [2] [3] [4] A major breakthrough in the development of DCSs was the discovery of the sensitising dyes cis-[Ru(dcbpy) 2 . [5] In this series of dyes, the complex with X = NCS -gives the highest cell efficiency. Furthermore, replacement of two of the carboxy protons with two tetrabutylammonium cations, [Bu 4 N] 2 [Ru(4-carboxy-4-carboxylate-2,2′-bipyridine) 2 (NCS) 2 ] (often reported in an abbreviated form, N719) leads to even greater cell efficiency. [6] The improvement in performance is related to changes in the titania
Fermi level by transfer of the optimum number of protons to the titania upon anchoring of the dye. [7, 8] Currently, the N719 dye remains commercially important and in a research context is often used as a standard for comparison of new sensitising dyes. [5, 6, [9] [10] [11] while other reports suggest the need for chromatography. [8, [12] [13] [14] In our hands, the preparation of cis-[Ru(dcbpy) 2 Cl 2 ] (using the method reported in reference [9] ) without subsequent chromatography procedures yielded a mixture of products. Wolfbauer and co-workers found that cis-[Ru(dcbpy) 2 (NCS) 2 ] prepared without chromatography contained ≤ 4% of the mixed N-,S-linkage isomer [15] and Grätzel and co-workers noted the necessity of chromatography to remove the less efficient S-bound isomers from reaction mixtures. [14] However, where chromatography is employed, the carboxyl functionalities associated with the complexes necessitate the use of costly and timeconsuming techniques using the Sephadex LH20 stationary phase. Some reports even state that multiple elutions are required to obtain pure products. [8, 14] In this work we present a straightforward alternative synthesis of the landmark sensitising dye, N719, using ethanol as solvent and utilising a protection/deprotection strategy which permits the use of conventional silica gel chromatography to conveniently afford an isomerically pure product. [16] Generally, 1 H NMR spectroscopy is a useful tool for distinguishing N-and S-bonded compared to the exclusively N-bound isomer. [16] Each step of the one-pot reaction was monitored to determine the optimal reaction times. For the initial step, the reaction of iBu 2 hydrolysed the protecting ester groups at room temperature within 20 minutes. We note that a similar ethylester complex prepared by Shklover et al. was converted to the corresponding carboxylate by refluxing in triethylamine and water for 8 h. [11] Following de-esterification, N719 was precipitated from aqueous solution by adjustment of the pH to 3.8 following literature procedure [6, 8, 14] for the isolation of the bis(tetra-nbutylammonium) complex. The 1 H NMR spectrum and CHN analysis of the precipitated product are consistent with ~1.8 tetra-n-butylammonium cations / complex molecule. The presence of slightly less than the stoichiometric two tetra-n-butylammonium cations has been previously noted. [15] The 1 H NMR spectrum ( Figure 1 ) shows six resonances in the aromatic region in agreement with the literature assignment of the all N-bound complex. [6] The absence of signals at lower field indicates that no S-bound isomers were present in the isolated product. We have also found this strategy useful in the preparation of heteroleptic ruthenium(II) polypyridyl complexes of the type [RuL(4-carboxy-4-carboxylate-2,2′-
2-where L is a functional bipyridyl ligand that does not bear carboxylate groups. These complexes will be reported elsewhere.
In conclusion, we have developed a synthetic procedure to conveniently and reliably prepare isomerically pure N719 sensitising dye. Key to the procedure is protection of the carboxyl functionalities providing good solubility in organic solvents and allowing the use of silica gel chromatography to separate the complexes bearing S-bound thiocyanate ligands from the more efficient all N-bound isomer. The protecting groups are conveniently removed with tetra-n-butyl ammonium hydroxide, which also provides the appropriate cations for the dye.
Experimental

Chemicals
The following were purchased commercially and used as received; RuCl 3 ·3H 2 O (Precious Metals Online), 4,4′-dimethyl-2,2′-bipyridine (Aldrich), potassium chromate (Ajax), ammonium thiocyanate (Ajax), tetra-n-butylammonium hydroxide (1 M solution in methanol, Aldrich). 4,4′-Dicarboxylic acid-2,2′-bipyridine was prepared from 4,4′-dimethyl-2,2′-bipyridine by the method of Hoertz et al [18] .
Physical measurements.
1 H NMR spectra were recorded using a BVT 3000 Bruker Spectrospin instrument operating at 300. 
Synthesis
Preparation of bis(2-methylpropyl)-2,2′-bipyridine-4,4′-dicarboxylate (iBu 2 dcbpy). The
following procedure is an adaptation of a literature method. [19] 2,2′-bipyridine-4,4'-dicarboxylic acid (1.50 g, 6.15 mmol) was suspended in a mixture of isobutyl alcohol (60 mL) and conc. sulfuric acid (1 mL). The mixture was heated at reflux for 4 h, during which time the solution became clear. The solution was cooled and the remaining isobutyl alcohol was removed using a rotary evaporator. The residue was taken up in water (30 mL) and saturated aqueous Na 2 CO 3 was added until a pH of 8-9 was obtained. The precipitate was collected by filtration, washed with water and dried under vacuum to yield 
